In order to obtain the information about changes of titanium contents in the phytomass during the growing season of winter oilseed rape and about the titanium contents drawn by the rape yield during two farming years the small plot fi eld trial was established. In the trial the fertilizer Mg-Titanit (MgTi) containing 8.5 g of titanium in 1 liter was used. The experiment consisted of 5 treatments. 0 -control treatment without MgTi fertilizer; 2xTi0.2 -two applications of MgTi in the dose of 0.2 l/ha; 3xTi0.2 -three applications of MgTi in the dose of 0.2 l/ha; 2xTi0.4 -two applications of MgTi in the dose of 0.4 l/ha; 3xTi0.4 -three applications of MgTi in the dose of 0.4 l/ha. The fertilizer was applied in spring during two, or three diff erent growth stages: BBCH 50, BBCH 59, BBCH 66. The fi rst plant sampling was carried out shortly before the fi rst application of fertilizer (BBCH 50). The second, third and fourth sampling was taken 2-3 weeks a er the application of Mg-Titanitu (BBCH 59, BBCH 66, BBCH 71). The obtained results showed that the titanium content in the phytomass of rape was falling during the monitored period. The titanium content in the rape aboveground phytomass varied in the interval from 16.81 to 67.6 mg/kg and in the root in the interval from 56.6 to 258.81 mg/kg. The titanium application on plant leaves in the quantities from 3.4 to 10.2 g per hectare of soil did not have the unambiguous impact on the titanium content in the rape phytomass. In the yield of one tonne of seed and appropriate quantity of rape straw on average 20 grams of titanium was taken in.
INTRODUCTION
The essential part of elements occurring in plants is taken in by plant roots from soil, apart from C, O and partially also H and S. The quantity of a particular nutrient taken into a plant depends on many factors. One of them is the quantity of the available form of nutrient in soil. The titanium availability in acid, neutral and alkaline soils is low. Therefore its content in plants is low and it usually varies in the interval 0.1-12.0 mg/kg of dry matter (Ceccantini et al., 1995; Tlustoš et al., 2005) . However, some authors recorded higher contents at the level of 20-28 mg.kg −1 Ti (Terlikowski and Górnicki, 1993; Lopez-Moreno et al., 1996) even 120 mg/kg (Czekalski, 1987) . The titanium content is lower in the generative organs than in the vegetative ones (Ercoli et al., 2008) . Kováčik et al. (2014) recorded 5.77 times more titanium in the rape straw than in the seed. In the experiments of Hara et al. (1976) the titanium content in cabbage was increased from the outside leaves towards the cabbage centre with the highest contents in stump from 1 to 10 mg/kg Ti. The titanium content in the cabbage roots varied in the interval from 70 to 3,960 mg/kg Ti. The critical concentration of titanium -its overrun would mean the plant damage -occurred in the inner leaves of cabbage at the level of 4 mg/kg and in the roots 3,000 mg/kg (Hara et al., 1976) .
The low solubility of the titanium compounds in soil and consequently the low bio-availability of titanium allow to use the metallic shavings of the titanium content (1% content Ti) in the compost production. Ercoli et al. (2008) have detected the positive impact of those shavings applied into soil in the doses of 15 and 30 t/ha on the maize grain yield.
In spite of several data about the positive impact of the titanium application into soil, but predominantly on the plant leaves, on the height and yield quantity of the cultivated crops (Traetta-Mosca, 1913; Pais, 1983; Simon et al., 1988; Balík et al., 1989; Tichý and Tóth, 1990; Matuškovič, 1995; Carvajal and Alcaraz, 1998; Skupień and Oszmianski, 2007) , so far neither evaluation criteria has been elaborated of the available titanium in soil nor criteria for the evaluation of total titanium content in the particular agricultural important crops. Similarly, the information is missing about the titanium intakes from the soil of the cultivated crops. Therefore, the objective of the submitted experiment was to obtain the basic information about the dynamics of the titanium contents changes in the oilseed rape plants during the growing season, and thus to contribute to the creation of the emerging information base related to the titanium contents in plants and the titanium quantities needed for the yield formation of one tonne of rape seed and the appropriate quantity of the vegetative matter.
MATERIAL AND METHODS
The dynamics of the titanium contents changes in the plants of oilseed rape and its determination by the application of fertilizer containing titanium was studied in the small fi eld experiment (20 m 2 per one plot) realized on the Haplic Chernozem (48 o 42´ N, 17 o 70´ E -western Slovakia) during two farming years (2010/2011 and 2011/2012) . The agrochemical parameters of Haplic Chernozem taken from soil layer 0.0-0.6 m are given in Tab. I. They were determined by the following methods: N min = N-NH 4 + + N-NO 3 − , N-NH 4 + -colorimertically by Nessler's agent, N-NO 3 − -colorimertically by the phenol 2.4 disulphonic acid, P -colorimertically (extract Mehlich 3 -Mehlich, 1984) , K and Cafl ame photometry (extract Mehlich 3 -Mehlich, 1984) , Mg -AAS (extract Mehlich 3 -Mehlich, 1984) , S -spectrometrically ICP OES (water extract - Zbíral et al., 2011a) , Ti -spectrometrically ICP MS (extract Mehlich 3 -Zbíral et al., 2011b) . C ox -oxidometrically by Ťjurin in modifi cation of Nikitin (Dziadowiec and Gonet, 1999) , N t -by distilling (Kjeldahl -Bremner, 1960) , pH/KClpotentiometrically (1.0 mol/dm 3 KCl). In the trial used fertilizer was Mg-Titanit (MgTi) containing 8.5 g of titanium in 1 liter. Mg-Titanit is dark brown liquid fertilizer (stimulant) with bulk density 1.36 kg/l. Titanium is in form of titanium ascorbate and sulfur with magnesium are in form of magnesium sulphate (MgSO 4 The samplings of the plant material (aboveground and underground oilseed rape phytomass) were carried out in the growth stages by spade BBCH 50, BBCH 59, BBCH 66, BBCH 71 (Tab. III). A er each sampling of the plant material, apart from the last sampling, the application by Mg-Titanit was used on the same day. Besides the fi rst sampling, the other samplings of the plant material were carried out 2 or 3 weeks a er Mg-Titanit application. In the fi rst and second sampling 20 middle individuals were taken and in the third and fourth sampling 10 middle individuals were taken from each small fi eld.
The weather conditions from the rape sowing till harvest in the particular years of the experiment are recorded in the new Tab. IV.
In order to determine Ti content in the aboveground and underground phytomass during the oilseed rape growing season and in seed and straw of oilseed rape the inductively coupled plasma atomic emission spectroscopy (ICP-AES) method was used (Yang et al., 2012) . The titanium sampling from the green oilseed rape phytomass, seed and straw was calculated from the data of its weight, titanium contents and the number of individuals per 1 square metre (29 individuals/m 2 ). Acquired results were processed by mathematical and statistical method, by analysis of variance (ANOVA) using Statgraphics PC program, version 5.0.
RESULTS AND DISCUSSION
The titanium content in the aboveground and underground oilseed rape was falling during the monitored period (from the growing period BBCH 50 to BBCH 71) -(Tab. V). These data correspond with the information that in the majority of annual crops the nutrients content decreases along with the following growing period (Scaif and Turner, 1983) . The titanium content in the aboveground phytomass varied in the interval from 16.81 to 67.6 mg/kg and in the roots in the interval from 56.6 to 258.81 mg/kg. The titanium accumulation in roots was from 1.53 to 9.9 times higher than in the aboveground phytomass (Tab. V and VI).
A er the fi rst application of Mg-Titanit the titanium content was increased in the plants of oilseed rape in both years of the experiment (treatment 2 to 5 versus treatment 1). Paradoxically, the titanium content was increased more considerably in plant roots in those treatments where a lower dose of Mg-Titanit was applied (treat. 2 and 3) than in ones where a higher dose of MgTitanit was applied (treat. 4 and 5). The eff ect of the second spraying by Mg-Titanit (applied in the growing period BBCH 59) on the titanium content in the oilseed rape plants did not correspond with the eff ect of the fi rst spraying (applied in the growing period BBCH 50 ; char. -characteristic; Nor -normal data; V -very; E -extremly in the growth stage BBCH 66 the titanium contents were lower in the aboveground phytomass of the plants treated by Mg-Titanit in comparison with the contents of the untreated variant. Similarly, the impact of the third spraying (treat. 3 versus treat. 2 and treat. 5 versus treat. 4) was as ambiguous as the impact of the fi rst two sprayings. It is evident that in the given experiment the unambiguous impact of the application by fertilizer containing titanium was not proved on the titanium content in the aboveground and underground oilseed rape phytomass in the growth stage BBCH 50 to 71. The probable reason of this fi nding consists in the relatively low titanium quantities added to the plants by the fertilizer Mg-Titanit. The individual variants were added in this way from 3.4 to 10.2 g of titanium per one hectare of soil, which means less than 0.5 mg per one plant (Tab. II). The titanium contents in the plants of oilseed rape, which were detected in the particular experimental years (Tab. V), validate the well-known importance of the impact of the farming year on the nutrients intake by plants (Marschner, 2005) . In the year 2011 there 6.86 times more titanium was present in roots than in the aboveground phytomass (on average valid for all samplings of the plant material). However, in the following year it was only 2.71 times more, which is related to considerably lower mg/kg. These data can serve as the basic information for the criteria creation about the suffi cient titanium content in oilseed rape plants in the growing periods BBCH 50-71, there in the growing stages BBCH 50-59 the realization of the corrective measures related to the insuffi cient nutrition by rape microelements is very eff ective (Richter et al., 2001; Kováčik, 2009 winter oilseed rape phytomass. The growth of the aboveground phytomass varied in the relatively wide interval from 0.7 to 49.61% and the root growth varied in the interval from 5.79 to 29.34%. The impact of the lower (0.2 l/ha) and higher (0.4 l/ha) application dose of Mg-Titanit on the stimulation of aboveground and underground oilseed rape phytomass was diff erent in the particular years. The second Mg-Titanit application intensifi ed the positive impact of the fi rst Mg-Titanit application. A er two Mg-Titanit applications the weight growth of the aboveground phytomass was from 114.34% to 150.11% in comparison with the control weight and the weight growth of roots achieved from 27.64% to 87.42%.
These data prove that the second application by Mg-Titanit emphasized the diff erences between the phytomass weight formed in the variants treated by Mg-Titanit (treat. 2 to 5) and the untreated variant (treat. 1). The Mg-Titanit impact on the aboveground phytomass was more considerable than the impact on the underground phytomass. A lower dose of Mg-Titanit (treat. 2 and 3) had a more positive impact on the formation of aboveground phytomass than a lower dose of Mg-Titanit (treat. 4 and 5). On the contrary, the root formation was increasing along with the growth of the application dose of MgTitanit (Tab. VIII and IX, column BBCH 66) .
The third spraying also increased the weight of the whole oilseed rape phytomass (analysis in BBCH 71). The weight increase of the aboveground phytomass in both years was signifi cant and the root weight increase was signifi cant only in the second year of experiment (treat. 3 versus treat. 2 and treat. 5 versus treat. 4). As a result of the positive impact of the third spraying on the oilseed rape phytomass a bigger aboveground and also underground phytomass was formed in the variants where three sprayings were used (treat. 3 and 5) in comparison with the variants where two sprayings were carried out (treat. 2 and 4). The presented fi nding does not correspond with the data given by Kováčik et al. (2014) , who recorded the inhibition of the formation of wheat aboveground phytomass a er the third spraying by Mg-Titanit, applied in the growing period BBCH 55. These data point out that there is the evident need to test the diff erent dates of applications and the diff erent doses of fertilizers with the diff erent crops. On the contrary, the positive impact of the fertilizer MgTitanit, which was recorded in all samplings, on the formation of oilseed rape phytomass corresponds with the data presented by several authors (TraettaMosca, 1913; Pais 1983; Dumon and Ernst, 1988;  Dobromilská, 2007) about the positive impact of fertilizers containing titanium on the plant phytomass.
It is evident from Fig. 1 and 2 that the positive impact of Mg-Titanit on the oilseed rape phytomass formation appeared in the signifi cant diff erence in the titanium intake by one plant, in spite of the unevidential impact on the titanium content in plants. The lowest intake of titanium was recorded in the control variant. In this variant the titanium intake did not exceed 0.6 mg of titanium by the aboveground phytomass of one plant and 0.5 mg of titanium by the underground phytomass. The titanium intakes by the aboveground phytomass treated by Mg-Titanit were higher and varied around the value 0.9 mg/plant and the root intakes varied about the value of 0.7 mg/plant.
The titanium contents in the oilseed rape seed varied in the interval from 0.78 to 2.94 mg/kg and in straw from 8.75 to 12.90 mg/kg (Tab. X) during two years. This corresponds with the data of LopezMoreno et al. (1996) , Tlustoš et al. (2005) about the titanium content in plants. On average the titanium quantity in the oilseed rape seed was increased proportionally along with the total quantity of the applied fertilizer during two years of experiment. However, this information was not valid in both years of the experiment. Each year the highest titanium content was detected in the treatment 5 where the total higest dose of Mg-Titanit was applied (1.2 l/ha).
Every year the titanium content in the oilseed rape straw was higher in all variants fertilized by MgTitanit than in the unfertilized variant. The titanium content in straw was not increased proportionally along with the growing dose of Mg-Titanit. Every year the highest quantity of titanium in straw was detected in the variant where Mg-Titanit was applied three times in the dose 0.2 l/ha (treat. 3) with the total dose of 0.6 l/ha.
In the oilseed rape straw there occurred from 3.98 to 12 times more titanium than in seed. The titanium contents in straw and seed of oilseed rape and subsequently the titanium intakes by seed and straw were determined signifi cantly by the farming year (Tab. XI and XII).
The seed intakes varied in the relatively wide scale from 3.21 to 16.55 g/ha, with the average at the level of 8.62 g/ha (Tab. XIII). The straw intakes were signifi cantly higher and achieved the value of 63.70-102.09 g/ha. On average 84.65 g/ha of titanium was taken in by straw. Apart from one case, it was detected that the titanium intake by seed and straw was higher in the variants treated by Mg-Titanit than in the control variant, which corresponds with the general principles of plant nutrition (Epstein and Bloom, 2005) . The total titanium intake by the aboveground oilseed rape phytomass (seed + straw) was in the interval 66.91 to 113.34 g/ha (Tab. XIV). This is the evidence that the titanium intakes are signifi cantly higher than the molybdenum and cobalt intakes with the majority of the farm crops (Cook, 1982) , however, they are also higher than the copper and boron intakes with cereals (Baier et al., 1988) . The presented quantities of titanium, taken in by the aboveground oilseed rape phytomass range titanium among microelements from the viewpoint of the element division according to the content in a plant.
In the agricultural practice of the Czech Republic, the Slovak Republic and the whole Central Europe the methodology is utilized to calculate the nutrient doses, taking into account the need of macroelements for the formation of the unit yield of the main and the appropriate quantity of the side product (Ivanič et al., 1984; Vaněk et al., 2007) . The same principle is being used in order to create also the methodology of the plant nutrition by microelements (Kováčik, 2014) . If this methodology of the plant nutrition by titanium is to be created, it is necessary to obtain the information about the need of titanium for the formation of one tonne of the main product and the appropriate quantity of the side product.
The titanium intake by the yield of one tonne of the rape seed varied in the interval from 0.78 to 2.94 grams (Tab. XV). The titanium intake by the yield of one tonne of the seed (main product) along with the appropriate quantity of the side product ( the average intake was at the level 19.65 grams. It is evident that the oilseed rape plants need cca 80 grams of titanium (from 65 to 93 grams) in order to achieve 4 tonnes of rape seed yield. For this purpose it is possible to use several titanium compounds, predominantly titanium citrate, titanium ascorbate, titanylsulphate chelated with tartaric acid .
The presented data can be utilized in the creation of the methodology on the oilseed rape nutrition by titanium, taking into consideration the rape requirements for the total quantity of the available titanium, and also in the creation of the methodogy studying the problems of the additional fertilizing of rape by titanium during the growing season. 
